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Direct derivatization of the acyl analogue of platelet-activating factor (acyl-PAF) with 
heptafluorobutyric anhydride results in replacement of the phosphocholine moiety with a 
heptafluorobutyryl (HFB) group. Electron capture (EC) mass spectrometric analysis of this 
compound that makes use of negative ion detection along with subsequent accurate mass 
measurement and tandem mass spectrometry studies revealed that in addition to expected 
fragmentation due to losses of elements of HF, ketene, and/or acetic acid, there is a 
rearrangement reaction between the HFB group and the substituent on carbon-2 of the 
glycerol backbone. For 2-acetyl isomers, this fragmentation yields a characteristic ion at 
m/z 237; for 1-acetyl isomers, the analogous ion is observed at [M-135]-, along with a 
corresponding carboxylate anion. The use of the HFB derivative is invaluable for analysis of 
PAF homologues and analogues because it provides detailed structural information in 
combination with the high sensitivity of a gas chromatography combined with EC-mass 
spectrometry assay. (J Am Sot Mass Specfrom 1991, 2, 476-482) 
P 
latelet-activating factor (PAF) denotes a unique 
autacoid class of sn-2-acetylated phospholipids 
(l-0-alkyl-2-acety-sn-glycero-3-phosphocholine, 
AGEPC). Because of its high potency and remarkably 
wide spectrum of biological activities, PAF has been 
implicated in the pathogenesis of numerous human 
diseases 111. The 16-carbon alkyl chain homologue 
(Cl&O-AGEPC) shown in Figure la has been consid- 
ered to be the most abundant molecular species of 
PAF synthesized by stimulated human neutrophils. 
However, more recent studies indicate that at least 
50% of the choline-containing acetylated phospho- 
glycerides produced by stimulated human neutrophils 
are 1-acyl-2-acetyl-sn-glycero-3-phosphocholines 
(AGPC) 121, such as C16:0-AGPC shown in Figure lb. 
Currently, platelet bioassay is the most widely used 
method to detect and quantitate PAF; however, the 
data obtained from platelet bioassay are not valid if 
the samples contain endogeneous PAF inhibitors. 
More important, PAF molecular heterogeneity pre- 
cludes accurate quantitation by bioassay because the 
numerous alkyl- and acyl-PAF homologues and ana- 
logues have different platelet-stimulating potencies 
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Figure 1. Chemical structures of (a) l-O-hexadecyl-2-acetyl-sn- 
glycero-3-phosphocholine (C16:0-AGEPC) and (b) l-hexade- 
canoyl-2-acetyl-sn-glycero-~phosphocholine (ClC:O-AGPC). 
[l]. Thus, it is essential to identify each molecular 
species of PAF in a sample of unknown composition, 
and mass spectrometry currently provides the only 
means to accomplish this objective. However, most of 
the mass spectrometric procedures in the literature 
have problems in this regard; they either lack the 
required sensitivity or they are unable to provide 
structural information. We have developed a novel, 
highly sensitive gas chromatography combined with 
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mass spectrometry (GC/MS) procedure which per- 
mits facile identification of the various molecular 
species of PAF (31. The procedure relies on the paral- 
lel CC/MS analysis of heptafluorobutyryl (HFB) and 
pentafluorobenzoyl (PFB) derivatives obtained by di- 
rect chemical derivatization of PAF. Thus, without 
requiring either phospholipase C or HF treatment, 
volatile derivatives suitable for GC/MS analysis can 
readily be prepared. This approach has recently been 
shown to be very effective for the analysis of PAF 
obtained from human polymorphonuclear leukocytes 
[4] and does not result in isomerization of the deriva- 
tized product [3]. 
This same procedure has now been applied to the 
analysis of acyl-PAF analogues, i.e., AGPC. The cur- 
rent report describes elucidation of a novel fragmenta- 
tion pathway observed in the electron capture (EC) 
mass spectrum of the HFB derivative of AGPC and 
explains its utility for structural elucidation of and 
differentiation between various molecular species of 
alkyl- and acyl-PAF homologues and analogues. 
Experimental 
Preparation of I-hexadecanoyl-Z-acefyl-sn-glycero- 
3-phusphocholine 0X6:0-AGPC) 
To a suspension of l-hexadecanoyl-srr-glycero-3-phos- 
phocholine (lyso-GPC, Bachem Fine Chemicals, Tor- 
rence, CA) in 200 PL of chloroform was added 100 FL 
of acetic anhydride followed by 5 rL of perchloric 
acid. The reaction was aIlowed to proceed for - 5 s, 
and the mixture was then cooled to 0 “C. The product 
was extracted by the procedure of Bligh and Dyer 
(51 and purified by thin-layer chromatography using 
a solvent system of chloroform/methanol/water 
(65:35:6, vol/vol/vol) [6]. The purified product was 
characterized by phosphorus analysis [7] and fast atom 
bombardment (FAB) mass spectrometry. 
Derivafizufion 
In accordance with our previously published proce- 
dure for derivatization of up to 10 ag of phospholipid 
[3, 41, a chloroform solution of AGPC or AGEPC was 
dried under a stream of nitrogen in a lo-mL tube, and 
100 PL of heptafluorobutyric anhydride was added. 
The tube was sealed with a Teflon-lined screw-cap 
and incubated at 40 “C for 4 h. The solvent was then 
evaporated by a stream of nitrogen, and the residue 
was partitioned between 400 PL of hexane and 400 aL 
of water. The water layer was washed twice with 200 
pL of hexane; the organic phases were combined, 
dried under a stream of nitrogen, and redissolved in 
hexane prior to injection into the gas chromatograph. 
For convenience, in the present report the product of 
derivatization wiIl be named according to the starting 
phosphocholine and the derivatizating agent, for ex- 
ample, C16:0-AGPC/HFB. 
lnsfrumenfafion 
Gas chromatography combined with mass spectrome- 
try analyses were performed on a Finnigan-MAT 
model 4615 mass spectrometer (San Jose, CA) in com- 
bination with an INCOS data system. Methane at 0.5 
torr was used as the chemical ionization reagent gas 
for both positive ion chemical ionization (PICI) and 
EC with negative ion detection spectra. The ion source 
temperature was 100 “C, and the electron energy was 
70 eV. Gas chromatographic separation was accom- 
plished by means of a 15-m x 0.32-mm DB-1 fused 
silica capiIlary column (J&W Scientific, Ranch0 Cor- 
dova, CA), which was connected directly to the mass 
spectrometer via a heated transfer line. The linear 
velocity of helium was 75 cm/s, and the injector 
temperature was 250 “C. A “splitless” injection tech- 
nique was employed. The column temperature was 
initially maintained for 1 min at 180 “C and was then 
increased to 225 ‘C at a rate of 30 ‘C/min. 
Accurate mass analyses were performed on a dou- 
ble-focusing mass spectrometer (JEOL HX-110, JEOL 
USA, Peabody, MA) at a resolution of 10,000 (10% 
valley) operating under methane EC-MS conditions. 
Samples were introduced by means of a direct probe 
inlet. Mass measurements were made by peak match- 
ing to ions of known composition in PFK. 
Product ion spectra were obtained on a Finnigan- 
MAT TSQ70 triple-quadrupole mass spectrometer. 
Ammonia was employed as the reagent gas, and 
sample introduction was through the gas chromato- 
graph. A collision energy offset of 20 eV in the labora- 
tory frame of reference was used to induce precursor 
ion fragmentation. Argon was used as the collision 
gas in Q2 at a pressure between 0.4 and 0.6 mtorr. 
Fast atom bombardment mass spectra were ac- 
quired on a Fiinigan-MAT model 212 double-focusing 
mass spectrometer in combination with an INCOS 
data system. A saddle field atom gun (Ion Tech, 
Middlesex, UK) was used to generate a xenon beam at 
8 keV. The ion source temperature was - 70 “C, and 
the accelerating voltage was 3 kV. Samples were dis- 
solved in methanol, and - 1 PL of the solution was 
applied to the copper probe tip. Thioglycerol (l-2 pL) 
was then added and mixed with the sample. The 
contributions from the matrix were subtracted from 
each spectrum by means of the data system. 
Results 
Reaction of C16:0-lyso-GPC with acetic anhydride in 
the presence of perchloric acid rapidly and quantita- 
tively produced the C16:0-AGPC used in the present 
study. From the FAB mass spectrum of this com- 
pound (data not shown) it can be determined that the 
fragmentation of C16:0-AGPC is analogous to that of 
AGEPC [8], exhibiting intense ions for [MH]+ (m/z 
538) and m/z 184 (representative of the phospho- 
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choline moiety) and a low intensity ion at m/z 496 
generated by the loss of the elements of ketene from 
the protonated molecular species. Unlike the spec- 
trum of C16:0-AGEPC, ions at m/z 355 (5% relative 
intensity, [MH-phosphocholine]+) and m/z 300 (10% 
relative intensity, [MH-238]+, comparable to the 
ketene loss described above, but for the hexadecanoyl 
group instead of the acetyl group) were also ob- 
served. 
Initially, CI mass spectra of the HFB derivatives 
were obtained by using a relatively limited scan range 
in anticipation of minimal fragmentation due to the 
ionization conditions. For the HFB derivative of 
Cl6:0-AGPC, the negative ion spectrum exhibited ions 
at m/z 548, 528, 488, 486, and 433. When ammonia 
was used as the reagent gas a low intensity ion at 
m/z 567 ([M-H] -) was also seen. With positive ion 
detection, the base peak was observed at m/z 509 
([MH-acetic acid]+), while [MH]+ at m/z 569 had a 
relative intensity of - 10%. Comparable results were 
obtained for the C18:O and ClS:l-AGPC homologues, 
with the ions listed above increased by 28 and 26 
mass units, respectively. Examination of recon- 
structed total ion current chromatograms for both 
positive and negative ion detection revealed that there 
were actually two closely eluting GC peaks for each 
derivative (denoted as peaks I and II). The selected 
ion retrieval traces shown in Figure 2 for C16:O 
AGPC/HFB indicated that the components were 
structurally related but had obvious differences in 
their mass spectra, suggesting a pair of positional 
isomers. 
Wider scan range CI spectra were then acquired, as 
shown in Figure 3a, with the corresponding selected 
I 
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Figure 2. Selected ion retrieval traces for pulsed positive 
ion/negative ion detection CI GC/MS analysis of the HFB 
derivative of C16:C-AGPC. Note that [MH]* at m/z 569 is 
clearly exhibited by both GC peaks while the ion at m/z 433 is 
only associated with the earlier eluting peak (I) and the ion at 
m/z 486 is only seen in peak II. 
Time (mid 
b 
Figure 3. GC/MS analysis of the HFB derivative of Clb:O- 
AGPC. A 40.ng aliquot from a 2-pg derivatization was injected 
into the GC. (a) The EC mass spectrum is displayed in the larger 
trace, with the PICI spectrum included as an insert. The spectra 
represent a summation across both closely eluting GC peaks, 
with notations of 1 and II indicating association of an ion with a 
particular GC peak. (b) Selected ion retrieval traces for the 
GC/EC-MS analysis-here the association of ions at m/z 433 
and 290 with GC peak I is contrasted with corresponding ions at 
nl /z 237 and 486 in peak II. 
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ion retrieval traces in Figure 3b. With the DB-1 col- 
umn used in the present study it was not possible to 
separate the GC peaks of C16:0-AGPC/HFB suffi- 
ciently to be able to obtain representative spectra of 
each pure component. For comparison, the CI spectra 
and selected ion retrieval traces for C16:0- 
AGEPC/HFB are presented in Figure 4. 
Structures for ions such as m/z 548, 528, 488, and 
486, as shown in Figure 3a, could be easily assigned, 
based on losses of HF, ketene, and/or acetic acid. 
(Note that the loss of 82 mass units can either repre- 
sent a combination of ketene and HF or a molecule of 
acetyl fluoride. The latter is thermodynamically fa- 
vored, but because HF and ketene are individually 
lost in the formation of other ions in the spectrum, 
these moieties are represented separately in our spec- 
tral interpretation.) It was further evident that the ion 
at m/z 255 represented the 16-carbon carboxylate 
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Figure 4. GC/MS analysis of the HFB derivative of C16:0- 
AGEI’C. A 40-ng aliquot from a 2-pg derivatization was injected 
into the GC. (a) The EC mass spectrum is displayed in the larger 
trace, with the PICI spectrum included as an insert. (b) Selected 
ion retrieval traces for the GC/EC-MS analysis. 
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anion, by comparison with the spectrum of Cl&O- 
AGPC/HFB, which exhibited an analogous ion at 
m/z 283 (data not shown). Elucidation of the intense 
ions at m/z 237 ([M-331]-) and m/z 433 ([M-135]-) 
was initially unclear. Evaluation of the EC mass spec- 
trum of the [i3C,] acetate analogue of ClG:O-AGPC/ 
HFB, shown in Figure 5, confirmed that the formation 
of the ions at m/z 488 and m/z 486 involved the loss 
of the two 13C atoms. On the other hand, because the 
peak at m/z 237 shifted to m/z 239 in the labeled 
compound, this ion must retain the labeled acetyl 
moiety. Furthermore, the ion at m/z 433 was found 
to increase by 28 mass units to m/z 461 in the nega- 
tive ion spectrum of C18:0-AGPC/HFB (data not 
shown), indicating that the fatty acyl group was in- 
cluded in this fragment. 
Accurate mass measurements of the EC-MS ions at 
m/z 237 and 433 were then obtained. The results are 
presented in Table 1. Tandem mass spectrometric 
analyses were also performed; the product ion MS/MS 
spectra for the ions at m jz 237 and 433 are shown in 
Figure 6. Based on these results it was possible to 
postulate the following general structure for the ions 
at m/z 237 and 433 (Figure 7). 
Subsequent MS/MS experiments indicated that the 
ions at m/z 237 and 433 had no detectable precur- 
sors, strongly implying that these ions were formed 
by a concerted mechanism immediately after EC ion- 
ization. The proposed formation of these ions is given 
in Scheme I. (Note that for clarity, the mechanism is 
depicted in a stepwise manner; the intermediate ions 
shown in Scheme I were not individually detected.) 
The proposed fragmentation pathway bears some 
analogy to the site-specihc rearrangement of penta- 
fluoropropionyl derivatives of P-hydroxyamines re- 
ported by Low and Duffield [9], in which a similar 
fluorine atom expulsion was observed. 
100, r 
F,iiure 5. EC mass spechum of the HFB derivative of C16:0- 
[ C,]acetyl-GPC. Please note that the 13C labels have been 
omitted for the structural assignment of m/r 486 and 488 to 
enhance readability. 
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Table 1. Accurate mass measurement of ions at m/z 237 and 
433 in the EC mass spectrum of Cl60AGPC/HFB 
Err.3 
Measured mass Formula (mm4 
236.99929 C6H303F6 +0.6 
433.21739 C,&‘,,O,F6 -0.4 
A summary of the MS/MS data is presented in 
Figure 8. The mass value for the molecular anion (not 
detected) is shown by the dotted line. The arrows and 
adjacent horizontal bars drawn directly under the 
dotted line represent ions formed from the molecular 
anion. The length of each bar is proportional to that 
ion’s relative intensity in the EC mass spectrum. For- 
mation of product ions is shown by the second level 
of arrows and horizontal bars. The length of each of 
these bars represents the relative intensity of each ion 
in the product ion scan. 
The product ion MS/MS spectra also showed that 
the ions at WI/Z 195 and 175 were formed from both 
m/z 237 and 433. In addition, the ion at m /z 195 was 
found to be a prepursor of m/z 175 (data not shown). 
Proposed mechanisms for the formation of these ions 
are presented in Schemes II and III. 
Conclusions 
The results of this study demonstrate the presence of 
two positional isomers in the HFB-derivatized sam- 
ples of AGPC. The earlier of the two closely eluting 
Figure 6. Product ion MS/MS spectra for ions at (a) m/z 237 
and (b) m/z 433 formed in the EC-MS analysis of Cl&O- 
AGEFC/HFB. 
0 o- 
R’-:-0-k-CF+F, 
R’= Cl& m/z 237 
R’- CH,(CH,),, ml.7 433 
Figure 7. Proposed structure of ions at m/z 237 and 433 in the 
EC mass spectrum of C16:0-AGPC/HFB. 
GC peaks represents the I-acetyl-Zlong chain acyl 
isomer, based on interpretation of the intense [M- 
135]- ion in the mass spectrum of peak I. This ion is 
formed by a rearrangement-reaction between the acyl 
group on carbon-2 of glycerol and the HFB moiety on 
carbon-3. In an analogous manner, peak II represents 
the l-long chain acyl-2-acetyl isomer characterized by 
the ion at m/z 237. In support of this conclusion, an 
ion at m/z 237 is also observed in the EC mass 
spectrum of AGEPC/HFB homologues (as demon- 
strated in Figure 4 for C16:0-AGEPC), where isomer- 
ization between positions 1 and 2 is not possible. 
Previous studies have shown that substituent ex- 
change between positions 2 and 3 on glycerol does 
not occur during direct derivatization [3], and the 
present results agree with those fmdings. If a l-acyl-2- 
HFB-3-acetyl-glycerol were formed in the reaction, it 
would be expected that both rearrangement ions (171 /z 
237 and 433) would be observed in the corresponding 
EC spectrum. However, the ions at m/z 433 and 237 
were exclusive to GC peaks I and II, respectively, 
giving additional proof that exchange between posi- 
tions 2 and 3 on the glycerol does not occur. 
Efforts are currently underway to deduce the origin 
of the isomerization in the acyl analogues. Earlier 
studies have shown that direct HFB derivatization of 
AGEPC proceeds without the isomerization seen after 
HF or phospholipase C hydrolysis [3]. Furthermore, 
preliminary nuclear magnetic resonance studies have 
indicated that the starting lyso-GPC contained two 
isomers prior to acetylation and derivatization, in 
agreement with the findings of Pluckthun and Dennis 
1w 
Scheme I 
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m/z 600 1 
oJ 
Figure 8. Summary of selected ions in EC MS/MS analysis of ClfkO-AGPC/HFB. 
The distinctive fragmentation of the HFB derivative 
of AGPC and AGEPC is of immense value in struc- 
tural elucidation of samples of biological origin. Al- 
though other GC/MS methods may be capable of 
providing comparable or better sensitivity, they do 
not yield the degree of specific structural information 
afforded by EC-MS of the HFB derivative. For exam- 
ple, exceedingly low detection limits (subpicogram) 
have been reported for EC-MS analysis of the PFB 
derivative of AGEPC [ll] However, because the mass 
spectrum of this derivative is comprised predomi- 
nantly of [M] -, this type of analysis only furnishes 
information about the molecular weight of each ana- 
lyte. This presents a serious problem for samples 
which contain both acyl- and alkyl-PAF because, for 
example, C16:0-AGPC/PFB is isobaric with C17:0- 
AGEPC/PFB, and both C16:0-AGPC and C17:0- 
AGEPC have been shown to be produced by stimu- 
lated human neutrophils [4, 81. On the other hand, 
with HFB derivatives one can easily distinguish be- 
tween acyl- and alkyl-PAF. For 1-acyl-2-acetyl-3-HFB- 
glycerols, the ions representing [M-82] and [M-SO] 
are equally intense, whereas the former ion is signifr- 
cantly more intense than the latter one for HFB 
derivatives of comparable 1-0-alkyl-2-acetyl com- 
pounds. Furthermore, EC-MS analysis of PAF/HFB 
derivatives yields specific information about the posi- 
tion of substituents on the glycerol backbone. The 
presence of a 2-acetyl group on a PAF analogue is 
indicated by an ion at m/z 237. If the acetyl group is 
attached to carbon-l and a different acyl group is 
esterifred at the 2-position, the appropriate carboxyl- 
ate anion for the substituent at carbon-2 and an ion 
representing [M-135]- is observed. Because the sn-2 
acetyl group is essential for the potent biological activ- 
ity of this class of phospholipids, EC-MS analysis of 
HFB derivatives provides an extremely powerful tool 
to screen for candidate PAF molecules in biologically 
active samples of unknown composition. 
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